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ABSTRACT
Introduction: Coronavirus disease 2019 (COVID-19) has the characteristics of high transmission, diverse 
clinical manifestations, and a long incubation period. In addition to infecting the respiratory system, 
COVID-19 also has adverse effects on the cardiovascular system. COVID-19 causes acute myocardial 
injuries, as well as chronic damage to the cardiovascular system.
Areas covered: The present review is aimed at providing current information on COVID-19 and the 
cardiovascular system. PubMed, Scopus, Science direct, and Google Scholar were searched.
Expert opinion: It is suggested that heart injury caused by COVID-19 infection might be an important 
cause of severe clinical phenotypes or adverse events in affected patients. Myocardial damage is closely 
related to the severity of the disease and even the prognosis in patients with COVID-19. In addition to 
disorders that are caused by COVID-19 on the cardiovascular system, more protection should be 
employed for patients with preexisting cardiovascular disease (CVD). Hence, it is very important that 
once relevant symptoms appear, patients with COVID-19 be rapidly treated to reduce mortality. Thus, 
early measurements of cardiac damage via biomarkers following hospitalization for COVID-19 infections 
in a patient with preexisting CVD are recommended, together with careful monitoring of any myocar-
dial injury that might be caused by the infection.

Abbreviations: ICU: An intensive care unit; 2019-nCoV: 2019 novel coronavirus; ACEI: ACE inhibitor; 
ACS: Acute coronary syndrome; ARDS: Acute respiratory distress syndrome; AT1R: Ang II type 1 
receptor; ATP: Adenosine triphosphate; ACC: American College of Cardiology; ACE: Angiotensin con-
verting enzyme; Ang II: Angiotensin II; ARB: Angiotensin II receptor blocker; AV block: Atrioventricular 
block; CAD: Coronary artery disease; CVD: Cardiovascular disease; CT: Computerized tomography; CHF: 
Congestive heart failure; CHD: Coronary heart disease; CK-MB: Creatine kinase isoenzyme-MB; CRP: 
C-reactive protein; cTnI: Cardiac troponin I; EAT: Epicardial adipose tissue; ECMO: Extracorporeal 
membrane oxygenation; FDA: Food and Drug Administration; G-CSF: Granulocyte colony-stimulating 
factor; HFrEF: HF with a reduced ejection fraction; synhACE2: Human isoform of ACE2; IL: Interleukin; 
IABP: Intra-aortic balloon counterpulsation; IP10: Interferon γ-induced protein 10 kDa; LPC: 
Lysophosphatidylcholine; Mas: Mitochondrial assembly receptor; MCP1: Monocyte chemoattractant 
protein-1; MERS: Middle East respiratory syndrome; MIP1a: macrophage inflammatory protein 1a: 
MOF: Multiple organ failure; MI: Myocardial infarction; MRI: Magnetic resonance imaging; MYO: Myohe- 
moglobin; NT-proBNP: N-terminal pro-brain natriuretic peptide; PCPS: Percutaneous cardiopulmonary 
assistance; rhACE2: Recombinant human ACE2; SARS: Severe acute respiratory syndrome; Th: T helper; 
RAS: Renin-angiotensin system; TNF-α: Tumor necrosis factor-α; WHO: World Health Organization.
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1. Introduction

Based on previous studies, coronaviruses induce respiratory and 
interstitial infections in animals, as well as humans. Two highly 
pathogenic viruses; namely, severe acute respiratory syndrome- 
related coronavirus (SARS)-CoV and Middle East respiratory syn-
drome-related coronavirus (MERS)-CoV, result in severe respiratory 

syndrome in humans [1–3]. Recently, an epidemic of unexplained 
pneumonia induced via a new coronavirus, 2019 novel corona-
virus (2019-nCoV or COVID-19) [4–6]. COVID-19 has a more power-
ful transmission potential than SARS-CoV [7]. In up to 15% of 
patients infected by COVID-19, there is an initial severe type of 
pneumonia that may subsequently progress toward acute 
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respiratory distress syndrome (ARDS) and multi-organ failure 
(MOF), as well as mortality [8]. ARDS is the most common compli-
cation in patients with COVID-19. In addition to respiratory symp-
toms, another injury (i.e., myocardial injury) has been observed [4]. 
There are many possible causes of acute myocardial injury in 
COVID-19 patients, such as acute coronary syndrome (ACS), myo-
carditis, heart failure, hypotension or shock, as well as sepsis [7]. 
Acute myocardial injury can range from asymptomatic elevation 
of cardiac troponins to fulminant myocarditis and circulatory 
shock in COVID-19 patients [9,10]. Myocarditis is an inflammatory 
disease of the heart muscle (myocardium) [11]. Therefore, patients 
with CVD, hypertension, as well as COVID-19, are likely to develop 
severe symptoms and be admitted to an intensive care unit (ICU) 
[7,12,13]. However, while the incidence of age-standardized CVD 
and mortality are declining in many populations [14], patients with 
coronary artery disease (CAD) and heart failure are at greater risk 
for death in COVID-19 patient [7,15–17]. Additionally, some 
patients with COVID-19 exhibit persistent tachycardia, sustained 
asymptomatic hypotension, and bradycardia [7]. A higher mortal-
ity has been shown in COVID-19 patients; specifically, they suf-
fered acute myocarditis and acute myocardial infarction (MI), as 
well as rapid-onset heart failure [4]. Thus, the mortality rate for 
COVID-19 patients might potentially be reduced with labor- 

intensive and effective medical treatments. Hence, experts in the 
field are especially interested in COVID-19 infection-induced car-
diovascular damage and the underlying mechanism(s) associated 
with the cardiac injury [5]. However, there is no clear-cut strategy 
to address the adverse cardiac events seen in COVID-19 except to 
manage the patient’s symptoms as they arise. In this review article, 
we investigated the pathophysiology and heart phenotype char-
acteristics of COVID-19 infected patients, the underlying mechan-
isms of myocardial injury, biomarkers, diagnosis, related treatment 
strategies and follow up. PubMed, PRIME PubMed, Scopus, 
Science direct, and Google Scholar were searched for studies 
using keywords in the title, the abstract, and the keywords asso-
ciated with the article. Related and accessible papers were 
selected for inclusion in this review.

1.1. COVID-19 cardiovascular epidemiology

Approximately 12% of COVID-19 patients have been found to 
have sustained acute heart injuries [7]. Moreover, in a review 
study was indicated that in approximately 5–25% of hospita-
lized COVID-19 cases, elevations in cardiac Troponin, as 
a biomarker of myocardial injury, have been reported [4,7] 
(Table 1). It is also shown that patients with acute myocardial 
injury were older, with a higher prevalence of preexisting CVD 
and more likely to require ICU admission [18]. The prevalence 
of COVID-19 in patients with CVD is difficult to estimate due to 
varying degrees of national surveillance and data collection 
around the world [19]. According to reports from China, up to 
40% of patients admitted to hospitals with COVID-19 had 
preexisting CVD [20]. Among 41 admitted hospital patients 
infected with COVID-19 in Wuhan, 15% had hypertension 
and 15% had CVD [1]. Another study with 138 patients 
infected with COVID-19 in Wuhan found that 31% of the 
patients had hypertension and 15% had CVD [4]. In a study 
of 99 patients with pneumonia, 40% had CV and cerebrovas-
cular diseases in Wuhan, China [21]. A systematic review from 
72 studies from different countries reported a pooled preva-
lence of cardiovascular disease, and hypertension of 8.3%, and 
13.3% in 3470 COVID-19 patients [22]. Moreover, in a study 
with six investigations, it is shown that the proportion of 
hypertension, and cardio-cerebrovascular disease in COVID- 
19 patients equals 17.1%, and 16.4%, respectively [19].

The presence of these comorbidities in patients has an impact 
on their prognosis with enhanced risk of severe disease [19]. 
Among patients with serious symptoms of COVID-19, it has 
been found that 58% suffered from high blood pressure, 25% 
had heart disease, and 44% of them suffered from arrhythmia [4]. 
In a meta-analysis indicated that the overall case-fatality rate was 

Article highlights

● Patients with cardiovascular disease (CVD) and coronavirus disease 
2019 (COVID-19), are likely to develop severe symptoms and are at 
greater risk for death.

● Patients with COVID-19 may exhibit persistent tachycardia, sustained 
asymptomatic hypotension, and bradycardia.

● COVID-19 invades cardiomyocytes directly, causing cardiomyocyte 
damage and viral myocarditis.

● Individuals suffering from COVID-19 infection with underlying CVD 
have an extremely poor prognosis and a higher risk of overall 
mortality.

● There is no clear-cut strategy to address the adverse cardiac events 
seen in COVID-19 except to manage the patient’s symptoms as they 
arise.

● Understanding the pathophysiology, the host immune response, and 
heart phenotype characteristics of COVID-19 infected patients, as well 
as the underlying mechanisms of myocardial injury, biomarkers, 
diagnosis, related effective medical treatment strategies and follow- 
up are required to advance targeted treatments and improve patient 
prognosis.

● Early diagnosis might contribute to the identification of a subset of 
patients suffering from probable cardiac injuries and possibly predict 
COVID-19 development toward acute respiratory distress syndrome 
and/or multi-organ failure and mortality.

● Close monitoring of heart function in patients with COVID-19 and the 
utilization of various therapeutic interventions can prevent or limit 
myocardial injury in patients with pre-existing CVD and, thereby, 
reduce mortality.

Table 1. Myocardial injury in patient with coronavirus disease 2019 (COVID-19).

Author Study Number of patient Country Factors Number (Percent) Mortality References

Huang et al., 2020 Case-series 41 China hs-cTnI >28 pg/ml 12.19% 15% [7]
Lala et al., 2020 Large hospitalized cohort 2,736 patients USA TnI >30 pg/ml 36% 18.5% [23]
Wei et al., 2020 Cohort 101 patients China TnI >14 pg/ml 15.8% 2.97 [18]
Zou et al., 2020 Meta-analysis 2224 patients China, Italy & the US TnI 24.4% 72.6% [24]
Cecconi et al., 2020 Retrospective 206 patients Italy TnI > 19.8 ng/L 27.66% 17.47% [25]
Aggarwal et al., 2020 retrospective 16 

patients
USA cTnT> 21 ng/L 19% 18.75% [26]

TnI: Troponin I; Hs-cTnI: High-sensitivity troponin I; cTnT: Cardiac troponin T; pg/ml: Picograms per milliliter; ng/L: nanogram per liter. 
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2.3% and 49.0% among general and critical cases, respectively. In 
this line, the mortality rate of patients with CVD is as high as 
10.5%, while the mortality rate of patients with hypertension is 
6.0%, which is much higher than that of patients without comor-
bidities (0.9%) in cohort in China [27].

1.2. The pathophysiology of patients with COVID-19

COVID-19 might have a direct and indirect effect on the cardio-
vascular system. The inflammatory process, cytokine storm, and 
lung injury that are linked to COVID-19. Patients with more severe 
disease and with another risk factor, such as increasing age, male 
sex, obesity, comorbidities, cancer, and ICU admission, are at 
higher risk of these events [28,29]. In this respect, older age as 
well as cardiovascular problems were an important risk factor for 
mortality [30]. The patients that were greater than 60 years old and 
diagnosed with COVID-19 infection experienced more systemic 
symptoms, as well as more serious pneumonia, particularly those 
suffering from high blood pressure, CHD, and/or diabetes [4,31]. It 
has been proposed that there is a relationship between acute 
myocardial injuries induced by COVID-19 infection and angioten-
sin-converting enzyme-2 (ACE)-2. In fact, there exists ACE2 

expression in lung, as well as in heart tissue [32]. COVID-19 can 
damage cardiomyocytes by identifying ACE2, receptor infections 
and triggering various inflammatory responses. Of particular inter-
est is the role of ACE2 that has been popular because of the 
respective cardio-vascular impacts and has been regarded to 
have a high importance in COVID-19 pathogenesis [33]. 
Moreover, direct damage to infected myocardial cells via ACE2 
receptors found on these cells may lead to an inflammatory storm 
and/or an imbalance of oxygen supply caused by ARDS [34–36].

On the other hand, cardiovascular symptoms occur fre-
quently in COVID-19 patients as a result of systemic inflam-
matory responses and immune system dysfunction during the 
course of disease development (Figure 2). It has been reported 
that myocardial injury can occur with COVID-19 infection due 
to a ‘cytokine storm’ that is stimulated via an imbalanced 
response involving Th1 and Th2 cells and can cause respira-
tory dysfunction, hypoxemia, shock, or hypotension 
[5,7,37,38]. ARDS, heart failure, liver damage, renal failure, 
shock, as well as MOF have precipitated death [39]. In this 
line, hypoxemia, respiratory failure, shock, or hypotension 
caused by pulmonary infections typically results in an insuffi-
cient oxygen supply to myocardium. Because the burden on 

Figure 1. COVID-19 progression (severity of the disease) and prognosis. Patients with heart disorders can lead to an elevated risk of death. CVD: cardiovascular 
disease; ACE2: Angiotensin-converting enzyme2; SARS-COV-2: severe acute respiratory syndrome-associated coronavirus 2.
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the heart is increased and there is an imbalance in the oxygen 
‘supply and demand’, myocardial damage occurs during an 
infection, particularly for patients with chronic CVD [37].

Moreover, one of the significant concerns is drug- 
associated heart damage in the course of the COVID-19 treat-
ment, especially with the use of antiviral medications [40]. 
Furthermore, there are other drug interactions between anti-
virals, such as ritonavir, and non-vitamin K-dependent oral 
anticoagulants and warfarin, and thus, it is not recommended 
that these two anticoagulants be used in combination with 
antiviral drugs [41,42].

1.3. Angiotensin converting enzyme2 (ACE2) and 
cardiovascular disease

A pathophysiology of COVID-19 is lying in its affinity to renin- 
angiotensin-aldosterone system (RAAS) by ACE inhibitor (ACEi) 
as well as the utilization of angiotensin receptor blockers 
(ARBs) [43,44]. The RAS has a critical role in maintaining nor-
mal cardiovascular function and leads to a spectrum of CVD, 
such as hypertension, CHD, myocarditis, and congestive heart 
failure (CHF) [45] (Figure 3). The RAS is comprised of angio-
tensinogen, renin, angiotensin II (Ang II), Ang II receptors, such 
as AT1 and AT2 receptors, and ACE [46,47] (Figure 3). ACE2 
broadly expressing in venous and arterial smooth muscle cells 
and endothelial cells [48]. Moreover, ACE2 is a crucial contri-
bution to immune, as well as cardiovascular, mechanisms 
behind myocardial injury [49].

Moreover, ACE2 has also been identified as a functional 
receptor for coronaviruses, including SARS-CoV and SARS- 
CoV-2 [49,50]. ACE2 and the AT2 receptor help protect from 
SARS coronavirus-induced ARDS, whereas ACE, Ang II, and 
AT1a receptor promote impairment of lung function in-vivo 
[51]. Results of various studies to date have also shown stimu-
lation of the COVID-19 infection via the binding of spike 
protein of the virus to ACE2 [49]. This might contribute to 
myocardial dysfunction and damage, microvascular dysfunc-
tion, endothelial dysfunction, plaque instability, and MI [16].

On the other hand COVID-19 infection can primarily invade 
alveolar epithelial cells, which results in respiratory symptoms. It 
is notable that such symptoms can be more serious in CVD 
patients that have greater expression of ACE2 [5]. Consequently, 
people who take ACE inhibitors or ARB’s produce increased 
numbers of the ACE2 receptor. Since ACE2 is considered one of 
the functional receptors for COVID-19, safety, as well as the 
important effects ACE inhibitors or ARB’s, necessitates careful 
monitoring of the COVID-19 patient [5]. However, there are no 
data that ACE inhibitors or ARBs are affecting prognosis [16].

1.4. The role of inflammation by COVID-19 in 
cardiovascular disorders

Based on previous literature, COVID-19 infection-mediated 
inflammatory responses are divided into a primary and sec-
ondary response. The primary inflammatory response usually 
occurs initially following the viral infections before the emer-
gence of neutralizing antibody. Therefore, the response is 
considered to be driven by active viral replication, viral- 
mediated ACE2 down-regulation and shedding, as well as 
the host’s antiviral response. The secondary inflammatory 
response begins with adaptive immunity and neutralization 
of antibodies. Moreover, the virus-neutralizing antibody com-
plex can stimulate the Fc receptor (FcR)-mediated inflamma-
tory response and induce acute lung injury [52]. Furthermore, 
it has been reported that after acute infection, myocardial 
damage is aggravated in patients with increased inflammatory 
activity, platelet activation, increased thromboxane synthesis, 
and impaired fibrinolytic function [53]. Moreover, there is 
a storm of cellular inflammation induced by an imbalance in 
the T-helper 1 (Th1) and Th2 response in patients with COVID- 
19, and the level of inflammatory mediators including inter-
leukin (IL)-4, IL-10, and IL-6 are elevated in tissue samples 
[7,21]. T-cells in peripheral blood of patients with COVID-19 
are over-activated, which is mediated by an increase in Th17 
and highly cytotoxic CD8 T-cells [54]. In a study involving 123 
patients confirmed to have COVID-19 infection, the plasma 

Figure 2. Causes and symptoms of cardiovascular disorders problems in patients with COVID-19.  

IL: Interleukin; GCSF: Granulocyte-colony stimulating factor; IP10: Interferon γ-induced protein 10 kDa; MCP1: Monocyte chemoattractant protein-1; MIP1a: 
macrophage inflammatory protein 1a: TNFα: Tumor necrosis factor alpha.

348 A. TAJBAKHSH ET AL.



levels of IL-6 and 10 were higher than controls. Moreover, 
CD4+ and CD8+ T-cells were lower in patients with severe 
COVID-19 infection than those with a mild infection [55,56]. 
It has been suggested that the inflammatory factors and 
cellular inflammatory storms may be associated with the pro-
cess of heart failure in these patients [57]. In the course of the 
fast expansion of COVID-19, a serious cytokine storm [IL-6, IL-7, 
IL-22, IL-17] has been induced by the early inflammatory and 
immune response [16]. Higher plasma IL-6 was found in 
COVID-19 patients with illness deterioration, and linked to 
death [48]. Elevated levels of C-reactive protein (CRP) in 
COVID-19 patients indicate the occurrence of inflammation 
[58]. Moreover, epicardial adipose tissue (EAT) has increased 
inflammatory cytokine expression in patients with CAD [59,60]. 
It has also been suggested that lower EAT density is positively 
correlated with cardiac inflammation in COVID-19 patients 
[17]. Cytokine storms might be involved with the effects 
observed with the cardiovascular system and cause myocar-
dial damage [38,61–63] (Figure 2). This information in COVID- 
19 patients suggests that the cytokine storm is closely related 
to disease severity and is associated with cardiac inflammation 
[55,56]. In patients with a severe COVID-19 infection, there is 
an increase in the plasma concentrations of pro-inflammatory 
factors, such as IL-1β, interferon-γ, monocyte chemotactic pro-
tein-1, interferon-inducible protein-10, and activation of Th1, 

tumor necrosis factor-α (TNF-α), and granulocyte colony- 
stimulating factor (G-CSF) [7].

1.5. Cardiovascular system-related manifestations in 
patients with COVID-19

Patients with COVID-19 infection may experience a variety of 
cardiac manifestations, such as myocardial injury, arrhythmia, 
and even cardiac arrest [4,7,21]. Patients with COVID-19 infec-
tions and CVD have a greater severity of pneumonia and other 
symptoms. COVID-19 results show that some patients have pal-
pitations and chest tightness [27]. Cardiovascular system-related 
manifestations in patients with COVID-19 include acute myocar-
dial injury, arrhythmia, heart failure, and cardiac arrest [34,61,64].

Furthermore, cardiovascular manifestations may represent 
the initial presentation, or appear throughout the whole 
course, of COVID-19 [65]. It has been reported that 7.3% of 
COVID-19 patients complain of heart palpitations as the initial 
symptom [65]. Moreover, in another study, 5 (16.67%) patients 
had varying degrees of myocardial injury in 30 medical staff 
with COVID-19 [66]. Additionally, COVID-19 patients with car-
diovascular malformations suffered from more in-hospital 
adverse events. However, simultaneous cardiovascular compli-
cations in the COVID-19 patients were not independently 
associated with in-hospital adverse events [67].

Figure 3. Renin-angiotensin system cascade and its cardiovascular effects.  

AT1R: Ang II type 1 receptor; AT2R; Ang II type 1 receptor; ACE: Angiotensin-converting enzyme; ACE2: MASR: ACE2/Ang (1–7) receptor;
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1.6. Acute cardiac injury and COVID-19

COVID-19 can affect the heart, causing damage to this vital 
organ that sustains life. Accordingly, heart damage is related 
to morbidity, as well as mortality [4,68]. COVID-19 infection 
results in chronic damage/injury and also acute cardiac injury 
to the cardiovascular system [5]. The myocardial damage 
caused by infection with COVID-19 increases both the diffi-
culty and complexity of treatment in this patient population 
[7]. The risk of in-hospital death in severe COVID-19 patients 
can be predicted via myocardial injury markers, and was linked 
to older age, inflammatory response as well as cardiovascular 
comorbidities [15,69,70]. There is not enough information of 
the precise mechanism of how COVID-19 may result in the 
myocardial injuries. Nevertheless, those mechanisms pre-
sented by the experts in the field regarding the myocardial 
injuries would be direct damages to systemic inflammation, 
cardio-myocytes, myocardial interstitial fibrosis, exaggerated 
cytokine response by Type 1 and 2 helper T cells, coronary 
plaque destabilization, hypoxia and interferon-mediated 
immune responses [71].

It has been determined that myocardial injuries linked to 
COVID-19 infection in some patients are made apparent by 
increased high-sensitivity cardiac troponin I (cTnI) levels [7]. It 
has been reported that 10 of 138 (7.2%) patients with COVID- 
19 had an acute myocardial injury during the infection, and 
those treated in the ICU were likely to develop cardiac com-
plications, as well as exhibit an elevation in high-sensitivity TnI 
levels [4]. Finally, cTnI levels are significantly increased in 
patients suffering from serious COVID-19 infections when 
compared to individuals with a moderate form of the disease 
[72]. Current research shows that 11.8% of deceased COVID-19 
patients with no preexisting CVD experienced considerable 
heart damage, which was accompanied by a greater level of 
cTnI or cardiac arrest during their hospitalization. As further 
validation of the aforementioned statistic, another study of 99 
COVID-19 patients showed that 11 (11%) of the patient that 
died had no previous chronic heart disease [21]. Cardiac insuf-
ficiency occurred in patients infected with COVID-19 and may 
represent the reason for sudden deterioration in cardiac func-
tion in COVID-19 patients [5].

Furthermore, for patients suffering from cardiac insufficien-
cies diagnosed with various heart diseases, COVID-19 infection 
can be one of the precipitating factors that worsens the con-
dition and results in death [5]. Aggravating causes of death in 
COVID-19 patients with cardiovascular disorders (CVDs) have 
been proposed to be the sudden onset of inflammation, and 
thrombotic event as well as accumulation of lactic acid [73]. In 
addition, patients who have been diagnosed with ACS and 
COVID-19 infection would often exhibit a weak prognosis. 
Nonetheless, lower cardiac functional reserve in such patients 
may be caused by the necrosis or myocardial ischemia [74].

In addition, patients with preexisting cardiovascular meta-
bolic illnesses may be at a heightened risk for progressing to 
an acute state, together with accompanying co-morbidities, 
and significantly impact the prognosis for COVID-19 patients. 
On the other hand, COVID-19 itself may worsen damage/injury 
to the heart [19] (Figure 1).

Importantly, the incidence of acute cardiac injury has been 
reported to be about 13-fold higher in ICU/severe patients 
compared with non-ICU/severe patients [19]. In fact, at least 
8.0% of patients with COVID-19 suffer acute cardiac injury [19]. 
Another study with 138 COVID-19 patients demonstrated that 
36 patients with serious symptoms and treated in the ICU in 
Wuhan, China exhibited greater levels of biomarkers indicative 
of myocardial injuries [4].

1.7. Cardiac arrhythmias and COVID-19

It is indicated that cardiac arrhythmias are associated with 
COVID-19 patients. The high incidence of arrhythmias can be 
due to electrolyte and hemodynamic disturbances with 
together by high inflammatory stress in patients with COVID- 
19 [33,75–77]. Ventricular arrhythmias and acute myocarditis, 
may present as the first clinical manifestation [77]. Moreover, 
the electrolyte imbalance caused via COVID-19 interacting 
with the RAAS system can contribute to hypokalemia, which 
result in increasing the risk of arrhythmias [77]. Si et al. indi-
cated that arrhythmias in 44 of the 170 patients with cardiac 
injury in retrospective cohort study involving 1284 patients 
with severe COVID-19 [78]. It is indicated that, the total occur-
rence of arrhythmias is 16.7% in the COVID-19 patients in 
China, which is greater in the patients who require ICU admis-
sion (44.4%) in comparison to the patients whose ICU admis-
sion is not necessary (8.9%) [4]. Moreover, Guo et al. reported 
that malignant ventricular arrhythmia has a higher prevalence 
in group with elevated troponin levels in comparison to the 
people having normal level of troponin [70].

1.8. Coagulation and COVID-19

It has been shown that up to 20% of patients with COVID-19 
have abnormal coagulation, which might be caused by myo-
cardial injury [7,21]. It has been hypothesized that COVID-19 
infection might cause thrombus formation and hypercoagul-
ability with myocardial injury [56]. In a study including 407 
patients who were considered at high risk of venous throm-
boembolism, 44 (11%) patients were at a high risk of bleeding 
[79]. Dysfunction of ACE2 contributes to abnormal activation 
of the RAS and a systemic endotheliitis that might relate to 
abnormal coagulation and sepsis. Moreover, innate immune 
response and the activation of inflammation participate in 
dysfunctional coagulation. Dysfunctional coagulation as one 
of the important risk factors is responsible for a high risk of 
severe disease and death in COVID-19 patients [80]. In 
a cohort study from China, charts of 191 adult patients with 
COVID-19 indicated that coagulopathy was prevalent in 27 
(50%) of 54 non-surviving cases in comparison to 10 of 137 
(7%) surviving cases [48]. Heparin, as an anticoagulant, was 
involved in downregulation of IL-6 and attaching to COVID-19 
spike proteins [81], which was shown to be elevated in COVID- 
19 patients [48]. Moreover, even such patients possibly need 
continuous anti-coagulation for a specific time interval after 
discharging from hospital [82]. However, there are controver-
sial discussions for doing anticoagulation. In a study in China, 
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99 of which received heparin [mainly LMWH] in 449 patients 
with severe COVID-19. Based on this study, prothrombin time 
was positively associated with mortality. There was no signifi-
cant difference in mortality of heparin users and non-users. 
However, the death rate of heparin consumers has been lower 
than the rate reported for the non-consumers [83]. It is recom-
mended that screening testing should be carried out on all 
admitted patients [82]. In this line, Atallah et al. propose 
a patient-specific algorithm that incorporates complex stratifi-
cation based on clinical and laboratory appearance to develop 
a patient-specific anti-coagulation regime for the COVID-19 
patients admitted in hospital [82].

1.9. Heart failure and cardiac arrest

It is commonly accepted that patients with COVID-19 infection 
have the potential to develop severe heart failure and ultimately 
die of sudden cardiac death [21]. One of the popular complications 
of COVID-19 has been proposed to be heart failure that may be 
caused by deteriorated preexisting cardiac dysfunctions as well as 
the newly developed cardio-myopathy and myocarditis [48]. It has 
been reported that COVID-19 patients’ lung involvement can 
contribute to compromised pulmonary vascular beds, which natu-
rally leads to an imbalance in lung perfusion in the context of 
pulmonary ventilation. The reduction in functional residual gas 
volume can result in increased pulmonary vascular resistance, 
which, in turn, can contribute to pulmonary hypertension and 
pulmonary heart disease. This cascade of events subsequently 
contributes to right ventricular involvement and right heart failure. 
Thus, any relevant signs of heart failure need to be viewed as 
serious [34]. According to a cohort research that included 191 
COVID-19 patients, researchers showed 23% heart failure in the 
patients that was more common in the non-survivor patients in 
comparison to the survivors [48]. It was found that cardiac arrest is 
apparently one of the leading causes of death in patients with 
COVID-19. Moreover, in 85 fatal cases of COVID-19, researchers 
reported cardiac arrest as a direct cause of mortality of 7 cases [84]. 
Another investigation involving 99 patients with COVID-19, the 
first fatality case has been a 61-year-old man with the developed 
respiratory failure, sudden cardiac arrest, and heart failure [21]. 
A number of the critically severe COVID-19 cases developed fatal 
cardiac arrest on transplantation or directly upon their admission 
to ICU [84]. Therefore, a poor survival rate of severe COVID-19 
patients undergoing the in-hospital cardiac arrest has been 
reported in Wuhan [85]. Nevertheless, there are not any direct 
documents for cardiac arrest as one of the complications of 
COVID-19.

1.10. The diagnosis of infection and myocardial injury in 
COVID-19 patients

It should be noted that there are several biomarkers, relating 
to myocardial injury, and indirectly to the COVID-19 severity 
[86]. The discovery of how different biomarkers function over 
the course of the illness could help doctors recognize COVID- 
19 diseases faster and then enhance their prognosis [87]. In 
addition, in most clinical studies, a significant change in the 
levels of biomarkers of myocardial injury represents the pri-
mary standard for deciding whether a COVID-19 patient has 

experienced myocardial injury from the infection. However, 
the levels of biomarkers of myocardial injury are affected by 
many factors, such as infection, hypoxia, and renal function, 
therefore, the potential for ‘false positives’ for myocardial 
injury in patients with COVID-19 must be considered. More 
specifically, the presence or absence of myocardial injury or 
myocarditis should not be based solely on biomarkers of 
myocardial injury, but rather, should be reached after careful 
consideration of all the patient’s clinical parameters, together 
with the results of auxiliary procedures and tests, such as 
electrocardiogram (ECG), imaging, and pathology [37].

Han et al. reported that higher concentrations of some biomar-
kers, such as myohemoglobin (MYO), creatine kinase isoenzyme- 
MB (CK-MB), N-terminal pro-brain natriuretic peptide (NT-proBNP) 
), and cTnI were linked to the severity and rate of fatal cases in 
patients with COVID-19 infection [86]. Furthermore, CRP, serum 
amyloid A, IL-6, lactate dehydrogenase, neutrophil-to-lymphocyte 
ratio, D-dimer, cardiac troponin, renal biomarkers, lymphocytes, 
and platelet count have a role in monitoring COVID-19 infection. 
Lymphocytes and platelet count showed lower levels in severe 
COVID-19 patients compared to non-severe COVID-19 patients 
[87]. Moreover, increases in CRP and D-dimers have strong asso-
ciations with mortality [87].

Furthermore, It has been reported that patients with con-
firmed COVID-19 may have biomarkers of myocardial injury, 
such as cTNI/cTNT, and can be categorized as such after 
a differential diagnosis excludes ACS [37,88]. It has been reported 
that a past medical history of coronary heart disease (CHD) and 
increased level of cTnI are two independent determinants of 
clinical disease status in patients with COVID-19 [89]. Increased 
markers/predictors of future cardiac injury, such as tachycardia, 
elevation in TnI, and low EAT density in a computerized tomo-
graphy (CT) scan, have all been observed in patients with severe 
COVID-19 [17]. Interestingly, elevated cTnI was seen in 7.2% of 
hospitalized patients, which suggests that the viral load induced 
the cardiac injury [4,21]. It should be noted that it is possible to 
detect cases with cardiac injuries and anticipate COVID-19 con-
sequences with the initial assessment as well as continual super-
vision of the cardiac damages NT-proBNP, D-dimer, and cTnI 
following the hospitalization [16]. Importantly, it is indicated 
that older age and cardiovascular comorbidities were associated 
with higher cTnI [69].

Furthermore, it is indicted that alterations in the level of 
biomarkers can be probably beneficial in the creation of treat-
ment interventions. Moreover, anti-coagulation therapy has 
been utilized in the patients suffering from coagulopathy or 
remarkable enhancement in D-dimers in COVID-19 [83]. 
Finally, researchers demonstrated the relationship between 
lower molecular weight heparin and more acceptable prog-
nosis in the severe conditions [87].

1.11. Potential therapy for COVID-19 and cardiovascular 
disorders

1.11.1. The potential of renin-angiotensin system (RAS) 
inhibitors as a therapy for COVID-19 pneumonia
Blocking the renin-angiotensin pathway can reduce the sever-
ity of acute lung failure. Antibodies directed to ACE2 and 
soluble ACE2 molecules can inhibit SARS-CoV infections [90]. 
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Lei et al. reported that the potent neutralizing activity of IgG1 
Fc-fused recombinant ACE2 proteins against SARS-CoV and 
COVID-19 in-vitro [91]. Xanthenone, an ACE2 activator, was 
shown to decrease blood pressure and improve cardiac func-
tion by suppressing renal and cardiac fibrosis in spontaneous 
hypertension [92]. The activity of circulating ACE2 increases 
with increasing vascular tone, which suggests that elevated 
ACE2 activity might be a compensatory response to hyperten-
sion [1]. Along these lines, recombinant human ACE2 has been 
shown to exert beneficial cardiac effects [92,93].

It is illustrated that ACEi/ARBs antagonist RAAS possibly 
declines inflammation in COVID-19 pneumonia and thus mor-
tality is declined [94,95]. However, there has been not any 
correlation between serious outcomes of COVID-19 and 
chronic ACEI/ARB treatment in a retrospective analysis [96]. 
In a study by de Abajo et al., lower risks of COVID-19 hospital 
admission have been reported in the sub-group analysis of the 
patients with diabetes who had RAS inhibitor [97]. In 
a systematic review and meta-analysis indicated that adminis-
tration of RAS inhibitor, was not associated with increased 
mortality or severity of COVID-19 in patients with hyperten-
sion. However, ARB was associated with lower mortality [98]. 
In another study, there was no evidence for raised severity of 
COVID19 disease in patients on chronic treatment with ACEi or 
ARB in London [99]. On the other hand, severe COVID-19 
patients chronically treated with ACEI/ARB are at increased 
risk of acute kidney injury on the 149 patients from Referral 
Center Cohort in the North East of France [100].

1.11.2. Other treatment recommendations in COVID-19
COVID-19 infection should be treated to control the progres-
sion of the disease, primarily pneumonia [34,101–103]. 
Importantly, if patients have CVD at the same time, they 
should be aggressively treated. Based on historical clinical 
studies of SARS-COV and MERS, epidemiological characteris-
tics, clinical phenotype, and treatment outcomes of patients 
with COVID-19 with associated CVD, the following treatment 
described below is recommended [34].

A treatment protocol should consider the following; gen-
eral and symptomatic treatment, antiviral treatment, hypoxia, 
and dyspnea treatment (oxygen therapy, noninvasive and 
invasive respiratory support), circulatory support therapy for 
patients in shock, timely use of antibacterial drugs when 
evidence of secondary infection, treatment for cytokine 
storm, and glucocorticoid therapy in severe patients [104]. 
Supplying oxygen to hypoxic patients via nasal prongs, face-
mask, high flow nasal cannula, or noninvasive ventilation is 
advisable. Therefore, it is necessary to have extra-corporeal 
membrane oxygen support and mechanical ventilation. In 
addition, renal replacement therapy might be necessary in 
a number of cases [58,105].

It is notable that 75% of patients have received some form 
of antiviral treatment including ganciclovir, lopinavir-ritonavir, 
as well as oseltamivir [21]. In one study of 138 patients suffer-
ing from COVID-19, antiviral medicines were administered to 
89.9% patients [4]. Even a wide-spectrum antiRNA medication 
used for Ebola has been evaluated for the management of 
COVID-19 [106]. Importantly, it is recommended that the num-
ber of tests for clotting time be increased in patients with 

atrial fibrillation during treatment for COVID-19 if an antiviral 
drug is required along with oral anticoagulants [34].

Other drugs/agents that have been tried include arbidol 
(umifenovir; used predominantly in Russia and China, but 
not Food and Drug Administration (FDA)-approved for use 
in the U.S.), interferons, intravenous immunoglobulin, chlor-
oquine, and plasma obtained from patients who recovered 
from COVID-19 [105,107]. Moreover, Chinese medical practi-
tioners have evaluated traditional Chinese herbs [105]. 
Antibiotics, as well as antifungals, are also advised if co- 
infections are either proven, or even suspected [105]. 
Furthermore, chloroquine enjoys an encouraging suppres-
sive impact. Nonetheless, clinical utilization of chloroquine 
may result in the very bad consequences. In addition, 
hydroxy-chloroquine shows an anti-viral impact, which is 
very similar to the impact of chloroquine and thus can be 
used as a more acceptable treatment strategy. In fact, 
hydroxy-chloroquine possibly attenuates severe expansion 
of COVID-19, which suppresses cytokine storm via inhibition 
of the activation of T-cells. Therefore, this drug possesses 
a safer clinical profile, which would be appropriate for preg-
nant women [108].

In a meta-analysis by Sarma et al. demonstrated that hydro-
xychloroquine would be encouraging with regard to the lower 
cases who exhibited radiological development with 
a comparable safety profile for control or common treatments 
[109]. Another systematic review by Chowdhury indicated that 
five of seven trials have shown favorable outcomes for 
patients using chloroquine or hydroxychloroquine and two 
of seven have shown no change compared to controls [110]. 
However, a meta-analysis by Singh et al. indicated that there is 
no benefit on viral clearance but a significant increase in 
mortality was observed with hydroxychloroquine in patients 
with COVID-19 in three trials (n = 474) [111].

Certain drugs, such as chloroquine and hydroxychloro-
quine, can cause prolongation of the QT interval contributing 
to the progress of malignant arrhythmias [76]. Moreover, the 
administration of hydroxy-chloroquine and chloroquine using 
the medicines inhibiting CYP3A4 enzyme can enhance risks of 
QT interval prolongation [76]. Thus, patients with arrhythmias 
should be monitored by continuous control of the ECG while 
undergoing supportive treatment [33].

Thus, uncertain outputs from more intensive investigations 
with more accurate variables, the clinicians must postpone 
from the regular utilization of chloroquine and hydroxy- 
chloroquine.

1.11.2.1. Influenza virus vaccines and cardiovascular dis-
ease prevention. The beneficial effects of the influenza vac-
cine in patients with CVD have been conclusively 
demonstrated in several epidemiological and clinical studies 
[112–114]. In another study, it was reported that the use of the 
influenza vaccine was linked to a decrease in mortality in 
patients suffering various CV disorders [115]. More evidence 
for the therapeutic benefits of influenza vaccine were also 
provided by Clar et al. who reported that influenza vaccination 
reduces CV-related mortalities in patients with preexisting 
CVD. Finally, influenza vaccination has been positively corre-
lated with a significant decrease in ‘all-cause’ mortality in 
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patients with heart failure [116]. Although this an area requir-
ing further studies, the use of influenza vaccination might help 
to reduce symptoms of CVD in COVID-19 patients with con-
comitant CVD.

1.11.2.2. Treatment using mechanically-assisted circula-
tion support. Studies have shown that extracorporeal mem-
brane oxygenation (ECMO) can reduce mortality and reduce 
the occurrence of MOF in people suffering from severe MERS- 
CoV infection [117]. In circumstances where mechanical venti-
lation cannot be sufficient, ECMO may contribute as a kind of 
rescue treatment and can present helpful outputs with the 
skillful clinicians in centers with the experiences of utilizing the 
ECMO properly in the chosen patients [118].

There are reports in the literature concerning the use of 
ECMO during an ‘electrical storm’, which is loosely defined as 
a cardiac electrical in-stability described by numerous events 
of ventricular arrhythmia into a relatively short-period of time 
[119]. ECMO is recommended by Tan et al. in patients with 
severe COVID-19 that do not improve following administration 
of antiarrhythmic drugs, or in patients being treated for heart 
failure. Related techniques, such as balloon counter-pulsation 
support treatment, can be used to assist with breathing and 
circulation. It should be noted that ECMO treatment has the 
risk of causing refractory ventricular tachycardia and atrial 
thrombosis, which is a reminder to clinicians to carefully iden-
tify the cause of arrhythmia [34,120].

1.11.3. Monitoring or follow up of patients
1.11.3.1. Monitoring of EKG monitoring and biochemical 
indicators, such as troponin, that are related to myocarditis 
and acute coronary syndrome diagnosis. The identification 
of comorbidities and possible organ damage over the duration 
of COVID-19 is also essential to the clinical care of patients [39]. 
Clinical guidelines from cardiologists suggest that any patient 
with COVID-19 and the presence of cardiac disease should be 
carefully monitored [32]. To begin, biomarkers of myocardial 
injury and ECG abnormalities in some patients suggest that 
COVID-19 might directly infect myocardium and result in myo-
carditis [36,121]. Thus, it is necessary to strengthen the detection 
of myocardial enzymes and indicators of myocardial inflamma-
tion in COVID-19 patients, for example, utilizing ECG dynamic 
observation [34]. For patients with suspected myocarditis and 
relatively stable disease, it is recommended to use cardiac mag-
netic resonance imaging (MRI) or coronary angiography to rule 
out ACS or myocarditis. In this regard, myocardial biopsy is 
superior to cardiac MRI in patients with clinical signs of instability 
and suspected fulminant myocarditis, especially those with 
unexplained shock, high atrioventricular block (AV block), and 
continuous ventricular tachycardia. If conditions permit, or car-
diac MRI is difficult to perform, the recommendation is to con-
sider myocardial biopsy [34]. ECG monitoring is also needed at 
the same time in the management of patients with severe 
COVID-19, with special attention being paid to whether the 
patient has paroxysmal tachycardia, or a pulse increase, that 
does not match the disease status [34].

Thus, it is recommended that the frequency of ECG tests be 
increased in COVID-19 patients, as well as the monitoring of 
myocardial enzymes and inflammatory mediators. If necessary, 

cardiac MRI or coronary angiography can be performed to 
identify the presence of ACS or myocarditis. If conditions permit, 
a diagnosis obtained after myocardial biopsy is the most valu-
able. Attention to a change in the patient’s heart rate is extre-
mely important. When the heart rate is rapid, it is recommended 
that β-blockers be administered to control the heart rate. It is 
worth noting that if the patient develops fulminant myocarditis 
with type II or type III atrioventricular block, it is recommended 
that a temporary pacemaker be implanted [34].

The American College of Cardiology (ACC) issued a notice 
on the effects of COVID-19 on the heart, recommending 
that patients with COVID-19 with CAD should be actively 
given statins, ACE inhibitors, β-blockers, and aspirin to pro-
tect the cardiovascular system, and it is further recom-
mended that priority be given to patients with chronic 
CVD infection [122].

If acute myocardial injury occurs during the course of 
COVID-19, rational medical interventions/procedures that are 
routinely used to protect myocardium should be considered, 
as well as the administration of nutritional supplements. These 
supplements may include coenzyme Q10, which increases 
adenosine triphosphate (ATP) synthesis and myocardial 
energy supply, creatine phosphate, vitamin C, and deep sea 
fish oil [37]. If myocardial injury causes arrhythmia, the type of 
treatment selected should be based on the type of arrhythmia 
and the hemodynamic status of the patient. Once signs of 
heart failure appear, life support treatments, such as extracor-
poreal membrane oxygenation, should also be initiated as 
soon as possible. In addition to chest tightness and chest 
pain, myocardial injury often presents clinically as shortness 
of breath and dyspnea, which can potentially be masked by 
symptoms associated with lung infection [37].

Furthermore, the blood pressure of patients treated with an 
ACEI/ARB should be closely monitored. It should be mentioned 
that the use of such drugs has caused controversy due to their 
ability to increase COVID-19-infected cells and the possibility of 
increasing the expression and replication of the virus [123]. 
Interestingly, Peng et al. reported that use of ACEI/ARB does 
not affect the morbidity and mortality of COVID-19 patients with 
preexisting CVD [73]. Whether the use of ACEI/ARB increase the 
health risks for COVID-19 patients, or protects them, is not 
entirely clear at present. The withdrawal of ACEI/ARB in COVID- 
19 patients will not be acceptable in accordance with existing 
guidelines from medical societies. However, it is recommended 
that blood pressure of such patients be closely monitored in the 
absence of precise treatment guidelines.

In addition, continual supervision, adjusting thrombo- 
prophylaxis and correcting coagulopathy would be crucial 
for the prevention of side-effects [28]. Regarding COVID-19, 
management of thrombosis would be followed by specific 
difficulties in the cases with other comorbidity like atrial fibril-
lation [28].

Moreover, threshold for surgery in the course of COVID-19 
pandemic must be greater than in the course of normal 
practices. As the hospitals resumed their routine surgeries, 
exposure to COVID-19 would be possibly experienced. 
Therefore, it is necessary to delay unnecessary operation and 
promote non-operative cares for delaying or preventing the 
need for surgical operations [124].
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2. Expert opinion

COVID-19 infection has the characteristics of strong transmission 
capability, diverse clinical manifestations, and a long incubation 
period, which poses a serious threat to human life. COVID-19 
infection can cause myocardial injury, which is closely related to 
disease progression, diagnosis, prognosis and treatment. Along 
these lines, individuals suffering from COVID-19 infection with 
underlying CVD have an extremely poor prognosis and a higher 
risk of overall mortality. COVID-19-related CVD can be due to 
microthrombus formation, vasculitis involving small cardiac ves-
sels, or secondary to ‘demand ischemia’ in the setting of fever and 
tachycardia. COVID-19 invades cardiomyocytes directly, causing 
cardiomyocyte damage and viral myocarditis. This process is 
mediated by high-affinity binding of the S protein to human 
cells. Importantly, the ACE2 enzyme shows high expression in 
myocardial tissue and plays a key role in the cardiovascular system 
as it pertains to controlling blood pressure. Consequently, medical 
experts/clinicians must pay particular attention to protecting the 
cardiovascular system during the course of treatment for COVID- 
19. Scientists are racing to develop a vaccine for the coronavirus, 
which also brings promise for the prevention of CVD, to tackle the 
global pandemic of COVID-19 [125]. Patients should be encour-
aged to continue their medications at this time to manage their 
diabetes, hypertension, and any preexisting heart failure. Close 
monitoring of heart function in patients with COVID-19 and the 
utilization of various therapeutic interventions can prevent, or at 
least limit, myocardial injury in patients with preexisting CVD and 
thereby reduce mortality. It is suggested that further studies are 
urgently needed to more clearly elucidate host/pathogen interac-
tions, the host immune response, and the methods used by the 
virus to evade the host immune response. Clearly, additional 
investigations concerning the mechanism, manifestations, sus-
ceptibility factors, and prognosis of myocardial injury in COVID- 
19 patients is required to advance targeted treatments and 
improve patient prognosis.
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